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UNITËD STATËS PATENT 
600,585 
THREE-PH/SIE WELvING SYSTE WITH 
PIOSTHEAT CONTROL 
Appliction Februry 9, 1950, sCil No. 13241 
16 Cls. (CI. 32334) 
sigfied 'for wëIdihg"-PratS :fo pr0fiifi singée 
dependig oh: th ht .c6fit51. stid 
a polyph¢ alrnating cqent s0rce 
circuit s6hsa  wel c6t aad wherein 
one oï th6"tyb ofp0WeF bëSdcurea..the 
cuent ips, a)sèes of idoaa! carrent 
rentmpS, egCb imp bemg 0pp0te i n. 
p01arity-to the onè immëdiaely prcedg it ánd 0 
so compfiiç:m form of smle Phase aIt6rnàing- 
ceh: More grticuIhrl; thë three: phage- 
te :wïnihff :ssêm of said PgoEh ePi0Ys 
act£ncë-meàfiS in the f0m of-p{ma windïngs 
in induoEive reÏaio with a sëCbndaty load cir- 
ct d WhèreC eah prlmary Wdg ha in- 
vidul Circt c6edti0ns to ifs respective phase 
of the polyPháse source 0f ,supply th eleêtric 
déhafge deiceS of hë nitonte being pro- 
vtded.forcotrblIinge rêCtffied cùfrents suD- 0 
plted to thewindiS respêctivelç. 
An object of he presedt iventi0n is to provide 
a impr0ved, simplffied and effidient control cir- 
cuit for firing the electric discharge devices in 
welding system as describe and wherein said 
dtscharge de.ces comprise w6groups and which 
are rendered conductive in an alrna- manner 
 pass crent to the primary wfling for pre- 
determined welding periods-with contro3able 
riods oï offtime between each..weldg riod. 40 
Another .object .of the invention is  provide 
an .electrontc control and ting .circuit for a 
weIng stem.whiCh can be maually, set..for 
producing a sle., wedgpuse=.0f. çontroHed 
datio. Or for p0ducg mtiple eldg puises. 45 
and which tan b¢ .manually seç fq producg  
such puises of a modulated wave shape compri s- 
ing a eldipg.pusd.qiow¢d by a contr6 day 
of the welding crent for stheatin the weld 
mëtal.. 0 
A furthèr ,ob]eb.of he invention rid 
pr0vibn of an elëctronic bontrol ¢irct for the 
pp0es dëséribëa. whïd".wiR inc0rorte 
voltages for rln'g th Cetic-oEsdhk¤g- 
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2 
With réspect t0 the v01tages pDeair£g acr 
polyphase source ofsupplY whereby tó cofitbl 
magtude of the currënt del[vered to therec- 
tire wdings for each enêrging im'puIg. 
other object is to pr0vide  noel 
shifting .circuit hving phase sft ea. f0r 
controIliRg the mitude of 
rent and ao hain Pase sh}ft .mëan 
controlIing tfle màdi:te o thh boe-in:c 
stfl! ïter obj¢ct .: .pr0Vide. timg and 
révërig :circuis espCi£il dêsih¢fO c6fit  
syStém afid which :fl! ]c6rrtë  se.çate ahd: 
indëenen hase hifthg medns 
the.magntude .of th weld  curent 
oheafig curent reDectivèly, ahd wheren th ç 
coatrol circuit arrangement When manua11..sdt 
wiI1 operat aUtOaticay ai th ed ofthçwld. 
ing period shfft ffo thë 
mean s fo the stheatig phe'sif ë ..... 
A further object of the invention is o 0vdè. 
a fly electroic reverSing and ti. circu-o  
renderinggroups of ignltr0ns altentely cond- 
tire and nonconductive and where the said 
versing aad timlng circu1.wfll incorpbrae  Pgi 
o electrc valves also. overatng n an .alernatl 
conuctve mater to kOvide sad reversng oh- 
frO1, wlth the switch ïrom one alve.to the other 
beg afit0matic by reason o the ccult elentS. 
With these and. var10 other objects in. vlew, 
the inventlo may consist o certain novel ea- 
tures of cotrcibn and overaon .awfil bê 
more fully dêscribed ad partcularl vointed 
out in the svecification, drawlng and cla 
pended here,. 
In the dmwgs wSdh fllurae an 
ment of the inventioa and whereia lke reerenee 
characers are usd to deigaate lke pakts... 
gure 1.is  wirig agram of a three 
hreë winding sYstem.of the type sown Sa 
Sciaky atent No. 2431,083 and which is re'ë - 
sentative of _the systems .. .which the. presênt 
control ..circi. bas gP!ibti0n, ..he: said 
illustrating the e¢çtr:oc .elèmets ahd: 'clrt 
contlo or c0ntroing the fiing of theighî - 
tron tubes; 
the adjUSble phase .iftihg circuit. of the- 
ventiOn and whlch cotroI e magnitude"of the 
wélng curreht and alb e Posthëah cu'- 
rent . 
tring, the elfr6¢ ele, and circuit. 
rang6fi hCe as in0oàted fff thé 
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trol and timin circuit of the prescrit invention; 
Figure  is a schematic wirin diaram show- 
in another part of the control circuit of Figure 
S and which incorporates an electronic valve 
for "effecting the automatic switching from one 
phase shift means to the other for postheating; 
Figure 5 is a portion of the control circuit 
shown ir Figure 3 enlarged, the same illustrating 
the reversing electric valves which control the 
potentials applied to the grids of the ignitrons; 
Figure 6 is a portion of the control circuit of 
Figure 3 enlarged, the saine showing the circuit 
connections for the adjustable resistance con- 
trolling the "off" rime; 
Figure 7 is a portion of the control circuit of 15 
Figure 3 enlarged, the saine showing the circuit 
connections for the adjnstable resistance control- 
ling the "on" rime; and 
Figures 8 fo 11 show reproductions of actual 
oscillograms of welding current pulses compris- 
ing the output of a system embodying the 
provements of the prescrit invention. 
Peferring more particularly to Figure 1, the 
invention is illnstrated as applied to a three phase 
welding system which is characterized by an in- 
ductive device such as a welding transformer 
having a plurality of primary windings in 
ductive relation with a secondary winding, it 
ing understood that the welding load circuit in- 
cludes the secondary winding since the welding 30 
current is induced therein. No disclosure has 
been marie of the secondarY winding since the 
saine is conventional, and-only the primary cir- 
cuit of the welding transformer has been dis- 
closed as having three primary windings which 35 
are individually connected to a phase of the three 
phase source of supply. The leads LI, I and L3 
represent the conductors of the three phase 
alternating current supply source and which 
are so connected to the welding transformer l0 4.0 
that primary winding I is connected across LI 
and I., with primary winding 2 being connected 
across I and L3, and primary winding 3 being 
connected across L3 and L. Each primary wind- 
ing maY comprise a number of windings con- 5 
nected in series but for illustrative purposes each 
primary winding has been shown as including a 
pair of windings with the ignitron tubes being 
located therebetween. For example, primary 
winding ! ! includes windings 14 and 5 and which 5o 
have electrical connection with a pair of ignitron 
tubes 16 and I disposed between the windings 
and which tubes are connected in anti-parallel, 
or, in other words, the cathode of one is elec- 
trically connected to the anode of the other. Pri- 55 
mary winding 12 includes windings 18 and 9 
with ignitron tubes 2 and 2! being connected 
between the windings in anti-parallel relation 
with each other. Primary winding 13 includes 
windings 22 and 2, the saine having ignitron GO 
tubes 24 and 26 electrically connected in anti- 
parallel relation and disposed between the wind- 
ings. 
In operation of the system as disclosed the igni- 
irons for the varions primary windings perfor:n 65 
a .controlling function so that positive or negative 
hall cycles of alternating current are supplied to 
the windings in sequence according to the phase 
relation of the electromotive forces in the three 
phase supply line. For example, the ignitrons 70 
$, 2{) and 2, constituting one group, are ren- 
dered conductive for passing positive hall cycles 
o current in sequence according to the phase 
relation of the electromotive forces in the poly- 
phase supply. Before the magnetizing effect of 75 

the flow of one positive half cycle through wind- 
ing I! dies out the phase relation of the elec- 
tromotive forces in the three phase supply is such 
that the next half cycle of positive current 
supplied to winding ! 2 and thereafter fo winding 
S and the same continues in sequence for the 
duration of the welding period. Since the mage 
netizing current impulses flow in the same direc- 
tion through the primary windings the magnetic 
flux will continue to rise until a predetermined 
maximum is reached, when the ignitrons are 
simultaneously rendered non-conductive. This 
rise in the magnetic flux has the effect of induc- 
ing a unidirectional current in the secondary cir- 
cuit (hOt shown) and which constitutes a single 
welding impulse. Sec Figure S. For the next 
operation of the system as disclosed the ignitrons 
, 2! and 26, comprising the second group, are 
rendered conductive and negative half cycles of 
current are passed through the respective wind- 
ings according to the phase relation of the elec- 
" tromotive forces. However, the current flow in 
each primary winding is now opposite in direction 
fo the positive hall cycles although they bave the 
same effect of producing a unidirectional fise in 
the magnetic flux to induce a unidirectional cur- 
rent in the secondary circuit. The polarity of 
this unidirectional current is opposite to the weld- 
ing impulse produced by the positive hall cycles 
and so a form of alternating current can be se- 
cured from the prescrit system by rendering the 
groups of ignitrons alternately conductive. Sec 
Figure 9. 
The reversing control and timing circuit of the 
invention is designed to render .the groups of Ig- 
nitrons alternately conductive and to control the 
magnetizing period, that is, the weld rime, and 
also control the "off" rime between successive 
welding impulses. This is accomplished through 
the provision of common cathode ad grid ,points, 
respectively, he saine having connection with 
the grid-cathode circuits of thyratrons or firing 
valves which are provided to control the conduc- 
tivity of the ignitrons. By applying control po- 
tentials to common cathode and grid points 
possible to render the groups of ignitrons con- 
ductive in an alternate manner and to conven- 
iently regulate the length of the conducting pe- 
riod and the length of the "off" rime between said 
periods. For a complete description of a three 
phase welding system such as disclosed, having 
common cathode and grid points providing a 
quence control circuit for the ignitrons thereof, 
reference is ruade to my copending application 
Serial No. 34,538, flled June 22, 1948, and entiled 
Sequence Control Circuit and Timer. 
The thyratrons for the ignitrons 
are indicated bY numerals 26 and 2L each thy- 
ratron consisting of an anode, a cathode, and 
having a control grid and a screen grid. The 
screen grid 2 for thyratron 26 is connected to 
the secondary winding 2 of transformer {). The 
control grid $! for said thyratron 25 is electri- 
cally connected fo the secondary winding 2 of 
transformer , the said secondary having elec- 
trical connection through conductor . to com- 
mon grid point B for the group of ignitrons0 
namely, 16, 20 and 24. Thyratron 27 has its 
screen grid 36 connected to secondary winding 
36 of transformer 0, whereas, its control grid 
37 is connected to secondary winding $ of trans- 
former 40, .the said winding having connection 
to the common grid point C for the second group 
of ignitrons, namely, IL 21 and 26: 



tri a similar manner ignitrons. 20 a-nd 21 :re 
pro¢ided with thyratrons or firing valves 41 and 
42 and the saine structure is irovided for igni- 
trons 24 and 25, which have the thyratrons 54 and 
55 associated therewith. The circuit for each 
thyratron is the saine as described for26 and 27, 
it being understood that the control grids and 
screen grids have electrical connection with sec  
ondary windings of the transformers a indicated 
for purposes which will be Presently described. 
I may be mentioned thaZ the primaries Of the 
transfotmers 30, 45 and 58: are located in the 
phase shif c0ntrol of Figure 2. 
Thyratrons 26, 41 and 5 will control the tir- 
ing of the first group of ignitrons and will main- 
ain them conducive for a predetermined peri0d 
of ime, depending on the contr01 Of the thYra- 
tr0nS, tn a similar mnner ttiyratr0ns 2, 42 
and 5 Will control the sebond group of ignitrons 
and will also maintain them c0nductive for a- 
.predetermined period of rime depending on the 
control of the thyratrons. In operation of the 
present welding system ali the tubes are held in 
a quiescent state by mantaining the grid points 
B and C highly negative with respect te the cern- 
mon cathode point A, Figure 2. When if is de- 
sired te render the first group of ignitron tubes 
conductive point B is ruade slightly positive ith 
respect te point A and C is maintined, negative 
as before. Ignitron tubes 16, 20 and 2 ae ae- 
cordingly fired and are maintained C0nductive 
for a pel'îod of rime which is presët bythe timing 
control te be presently described. A the end- of 
the weld time poit B iS made negative wit re- 
spect te point A as before afd after, a predeter- 
mined "cool" rime point C is ruade slightly ,posi- 
tive. The ignitron tubes 17., 21 and 25 are n0w 
lïred and they remain conductive for the preset 
interval, as determined by the adjustmënt of. the 
timing conbrol. 
In erder te provide a common cathode point 
a plurality of transformers connect point A with 
the leads L, L and L, respectively, all as clear- 
ly shown in Figure 2. Conductor 65 cormects 
point A with the terminal point 6 of lead L and 
this Conductor includes the primary Winding 67 
of the transformer 40 having the two secondary 
windings 35 and 6. Conductor 68 connects point 
A with terminal point 69 of lead Le and the con- 
ductor includes a primary winding  of the 
transformer 33. In a similar manner conductor 
71 connects point A with the terminal point. 2 
of lead L, the conductor including a primary 
winding 73 of the transformer 4. It is.necessary 
that high impedance means be included, in each 
conductor otherwise £he primary windings I.I, 12 
and 13. would be short circuited. This accourts 
foî the windings 67, 0 and 3 of the transformers 
4, 33 and 48, each of which bas two secondary 
windings, the same being locatedin the gr.id ir- 
cuits forthe hyratrons respectively. Since cur- 
rent is flowing through conductorS 65, 68. and. 1 
aç all. rimes the current flow thr0ugh windings 
6,  and 3 will produce an altenatingcurrent 
voltRge across ach vinding. It. is: necessïy te 
cancel, out said alternating cUrrent voltages if 
the desired control voltages are. te be impressed 
between the grid and cathode terminals of ,the 
flring valves. The alternating current, voltages 
appearing across each of the windings in the 
conductors for point A are cancelled out by the 
equal and opposite.voltage induced in the second- 
ary windings provided therefor respectively. The 
ring valves will thus bave impressed between. 
the grid«and cathode_, ter,mals.thereof, whateyer 

conr01 roi.rages are pDlied te the pont-s A and 
B ald'A and:C, 
Dring the condcting eriods for the groups 
of ignorons aothe} condition eistS in ghat a 
5 direct Cent Voltage apears acoss each wind- 
ing 0f the welding tafrmer pr.imaries. Il, 
and. I. Ts. will be ndêrst0od b obsering 
Fige 1 and 2 which clerly shows ech pri- 
mdry: wioEng as Conneced in series relation w.ith 
l o the cathode irei Of it respective fiing valve. 
For reaSons eplned. t is necessary.  canoet 
this decç, outrent- V01.ge develod, ac.rs 
each prmary wïnding due  flow of: cm,ent i.n 
the same 'and which is effected by a. trasfer 
15  hvig a pimry  Wig. :6 d-tw0 sëc- 
0F-wid-ings - . .8. The primrF wind 
ing- 6 is c5nn. reSS winding- 25, for 
ple, 6f the wel: t-nsfdmer nd Secon:y- 
widig T is d0nnegted. çh the gvid int B 
0 and  With a v01-ge surce te be pesently de- 
sci @hich pplies the controt ponils: 
gfid t. B, In: a simila manne secondary 
wiping 8 is coecd by conductor- 8t wih. 
gçid point C and With. said. volge source which. 
5 appes the control poêntials te said gid. int 
C. The Voltge induced in each secondarF is. 
equal, and opsi  he direct currenç volge 
aooss: a- prar.y Widg of the welding. rans- 
foeP nd. ëach secda is electicaliy con- 
30 n in-see re0n with-the grid circuit one grp of= ing: valves. Withouç this trans- 
formë stcre the followg aéti0n would: re 
sult. One grop, of-- igtro- upon being on- 
dctive wod:PgsS: crent, touh, the  xçindiugs, 
5 0f ë lding-.ansformer. As fl0W of ou-. 
ren cnues. e vole, devel0ped: actes.- the 
windings 0f- the Weling ansfoer d: hich. 
are conned  the athe-0f-the thyrtrons, 
w0uld, bring- their gridS negative veeih resc te 
40 the- thde-nd: this: wed. render the igtrdn. 
noc0nducting. The segondary winoEngs  and. 
8: are intruced-in the respective gid crcuits 
and in th-is wy they.ccel the desired v01 
age$ and the igtro-are completely resnsive. 
45 . the:ntrol volgesappli te poin  B and-C. 
It. was previously, egplained that the. thyra- 
tro would-tire  render the iitrons, conduc- 
tire upon the application-of a positive potential 
: poin B or C with respect  the common 
50 cathode point A. The con'ol voltages pplied. 
: the.grid points B and C are effective.  tire 
the thyratrons pr0vided, the screen-grids--of the. 
th.yatrons.as, well as:.the control g.rids are posi- 
tive ai. the: strt, of. the. partioelar hall ycle. 
55 The invention provdes phase sft mens as-st 
shown in Figúre: 2 .wherebY the. positive potential 
applied:to the screen grids.of the thy.ratrons may 
be dêlay in oer- - delay the firing of the 
iitro-and thus control the .magnitude of the 
60 welding cUrrent. The secondary windin.gs. 
and 6 of,-the ansfeer.@are ihductively-s- 
siad with. pmar. ndings 82-:providêd by. 
the. phase .shift:deee ofFigure 2. In a Similar 
maër--the: Sonda- ndings-  and  t of 
65 traf0er. . are indUctively, associated: wth 
the« pary:Windings 8..and-the sec0ndaries- 
and 62 of transformer 68 .are inductivel..ao- 
ciad with.the Drimary windings. 8. By. shifting 
the:.voloEge ross the resctive primary nd- 
70 ings 82; 8 .d 8 :with respect  the:line, volt- 
age of the .resserre phasesit is possible te hold. 
the scre .grids of. the_ hatmns in. a.negative 
con-on for. a- riod:.of- rime. afr -the conol : 
g«are:nder .tive, follog the ab of 
75 : siie.,o=.negatieha: ccle-as, regar-the. 
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partcular phase. This acts t0 delay flring of 
the thyratrons so that only a predetermined 
portion of each hall cycle for the various phases 
is caused to flow through the windings. By ad- 
justing the point in the half cycles af which the 
ignitrons are rendered conductive it ix possible 
to control the magnitude of-the welding impulse 
and in accordance with the invention the phase 
shift arrangement of Figure 2 includes phase 
shift means for control]ing the magnitude of the 
welding current and separate and independent 
phase shifting means operating automatically af 
the end of the welding.Perioi for controlling the 
postheating current. 
The phase shift device of Figure 2 essentally 
consists of conductors 85, 86 and 87 connected in 
delta relation to the three phase supply line, 
being observed that conductor 85 ix connected 
acros phase L1--L and that the saine has in 
serles-therewith the flxed resistor 88 and an ad- 
justable resistor 98, the latter having a slider 9|. 
Conductor 86 ix connected across phase L2--I 
and has connected in series therewith resistor 92 
and the adjustable resistor 93 having the slider 
94. In a similar manner conductor 87 is con- 
nected across phase L--L,o and the saine ix con- 
nected in series with the resistor 95 and the ad- 
Justable resistor 96 having the slider 97. The pri- 
mary windings 82, 63 and 84 are connected to the 
adjustable resistors through their sliders by 
means of relay actuated contactors |66, each 
contactor |66 having a current limiting resistor 
|6| in parallel therewith and it will be observed 
that the contactors |06 are normally closed so 
that a connection is normally maintained 
through the sliders with the phase shifting cir- 
cuit consisting of the adjnstable resistors 96, 93 
and 96 and the lîxed resistors 86, 92 and 95. As 
a result of the normally closed contactors 
the primary windings 82, 83 and 84 are normally 
connected across the respective phases of the 
power supply line by said phase shifting circuit 
and accoriingly the saine constitutes the. device 
for controlling the magnitude of the welding cur- 
rent. In operation of the present weling system 
the firing of the thyratrons can be delayed for a 
raction of a hall cycle, depending on the setting 
of sliders 9 |, 9 and 97, which are mechanically 
joined so that they can be rotated in synchronism 
and to a lile extent. By the adjustment of 
s]iders 9 |, 9, 9, for example, the current flow- 
ing through winding 82 instead of being in phase 
with L2--L, the phase of said current ix shiïted 
toward I«--L. Also with respect to the current 
flowing through winding 3 by adjustment of 
sliders 9 |, 94 and 97, the phase ix shifted toward 
I---I, and in a similar manner the phase of the 
current flowing through winding 64 is shifted by 
adjustment of sliders 9|, 94, 97 toward 
As previously explained, the winding 82 con- 
stitutes the primary of the transformer 3 hav- 
ing the two secondaries 29 and 3 so that when 
a positive voltage is applied to their screen grids 
after a predetermined delayo the respective thy- 
ratrons are caused to tire to render the ignitrons 
! 6 and |7 conductive. The phase shift with 
spect to primary winding 83 and primary wini- 
ing 84 is similar to that described so that the 
transformer 45 and 56 and their respective sec- 
ondary windings are controlled in a similar man- 
ner and flring of their thyratrons is also delayed 
so that all the ignitrons are rendered conductive 
ai the saine relative point ïn the hall cycles. 
When the slides $|, 94 and 97 are set as de- 
scribed the welding current will be somethtng 

8 
less than the maximum for the particular weld- 
ing device. When the sliders are rotated in the 
direction of the arrows to the maximum extent, 
the welding current will be ai the maximum since 
, in this position the voltage across the primary 
winding 82 will bave been advanced so hat 
becomes more nearly in phase with L--I_ and 
the voltage across the primary winding 8 will be 
advanced toward I_-- and likewise he voltage 
10 across primary wmding 84 will be advanced 
toward I--T.. The positive potentials aPplied 
to the screen grids of the thyratrons will be sub- 
stantially in phase with their respective line volt- 
ages so that the thyratrons will tire af the start 
15 of the hall cycles and maximum current will be 
passed through the primary windings of the 
welding transformer. 
It will be further understood that when sliders 
9 |, 94 and 97 are rotated fo secure the minimum 
20 heating effect, the setting of the sliders will be 
such as o shift the voltages so that the voltage 
across winding 62 will be subsantially in phase 
with .L--L, and to shift the voltage across wind- 
ing 63 so that the saine will be substantially in 
25 phase with I--L1, and likewise with respect fo 
winding 84, the voltage will be shiïted s0 tha 
the same ix substantially in phase with 
This setting will produce a phase shift of 120 de- 
grees and represents the minimum heat 
0 for the present welding system. 
In accordance with tte invention the phase 
shift device of Figure 2 includes.a separate and 
independent phase shifting circuit for controlling 
the magnitude of the postheating current, the 
 saine being automatically rendered operative 
çhe end of the welding period, provided he pres- 
ent system is manually set for postheating. Con- 
ductor |02, connected across phase I--I_ in- 
cludes the fixed resistor 0 and the adjustable 
40 resistor |4 having the slider 8. Conductor 
l e connected across phase T.2--L3 includes 
fixed resistor |07 and the adjustable resistor |08 
having the slider |9. The conducor 0 con- 
nected across phase L3--L includes the fixed 
45 sisor    and the adjustable resistor  2 having 
the slider |3. The sliders 050 09 and  are 
mechanically connected together so 
may be simultaneously rotated and to 
tent. The phase shifting circuit just described 
50 ix electrically connected to the windings 
and  through the sliders 5, 9 and 3 by 
means of the relayactuated contactors Æ. A 
current limiting resistor 5 ix connected across 
each contactor l and it will be seen that the 
.5 said contactors are normally open so that the 
phase shifting device for controlling the post- 
heating current ix inoperative except when the 
contactors |4 are closed. The operation of the 
relay-actuated contactors I and  ix such 
o that the two sers of contactors are energized 
simultaneously so that one set, namely, con- 
tactors |6, are caused to open when the other 
set, namely, contactors ||4, are caused to close. 
The effect of this operation ix to tender the phase 
; shifting circuit for controlling the welding cur- 
rent inoperative and to tender operative the 
phase shifting circuit ïor controlling the post- 
heating current. Since postheating is effected 
by a coitrolled decay of the current in the weld- 
ï0 ing circuit if neessarfly follows that the setting 
of the sliders |65, |0 and ||3 ix such as fo pro- 
duce a considerably lower current than ix pro- 
duced by the setting of the sliders 9, 94 and 
97. 
5 The common cathode point A ls connected by 



2,00,585 

a conductor 118 to the resistance 119 by means 
of the slider 120, Figure 3. Said resistance 119 
constitutes a voltage divider so that the potential 
on the common cathode point A can be regulated 
by moving the slider 120 along the resistance. 
The power suppty for said resistance I 9, which 
constitutes a source of direct current ïor the 
operation of the timing circuits, censists of trans- 
former 121 having connected thereto the fuil 
wave rectifier tube 122 for supplying direct cur- 
rent to the respective terminals of the resitance 
119. The usual reactor 123 and the condenser 
1'24 are included in the circuit, all in accordance 
with conventional practice. 
The vacuum tube 25, Figures 3 and 6» having 
a control grid 125, is connected to the positive 
trminal.of resistance 119 through its plate. The 
cathode of sald tube 125 is connected fo the 
plate of a control tube 121 comprising a gas 
lîlled, grid controlled tube having a control grid 
125. The circuit from the cathode of tube 127 
inclUdes the condenser 130 and the diode 131, 
the cathode o5 which connects with conductor 
1320 which in turn bas adjustable connectlon 
through slider 133 with the negative end of re- 
sistance 119. The adjustabte resistor 134 is con- 
nected across the terminals of condenser 130, 
the said resistor providing adjustment for vary- 
ing the "'off" rime, sometimes referred to as the 
"cool" time, between weldig impulses. For 
charging condenser 130 an independent power 
source is provided including transformer ! 35 and 
rectifying device 135, the saine having suitably 
connected across its terminals condenser 137 and 
the resistance 138. The negative end of this 
power source is connectd through conductor 
40 to the peaking transformer 1, which in 
turn bas suitable connection with the contrcl 
grid 125 of tube 12. The switch 142 is normally 
closed and in ortier to start an "on" time period 
the switch must be opened to allow condenser 
130 to discharge through adjustable resistor 134. 
The negative bias normally applied to grid 12 
of tube 121 is gradually marie more positive until 
presently a puise from the peaking transformer 
141 will tire tube 12, causing the saine to con- 
duct and establish the circuit also including tube 
125 and the diode 131. When tube 127 is con- 
ducting the potential applied to one of the grid 
points, either B or C, in the wetding transformer 
is marie positive with respect to the common 
cathode point A so that one group of ignirons 
is rendered conductive to induce a welding cur- 
rent impuise in the secondary circuit by fiow 
of current through the primary windins II, 2 
and 13. When the switch 12 is closed he con- 
denser 130 is charged by the independent power 
source and the negative grid bias applied to the 
grid of tube 127 is sufficient to hold the tube 127 
in a non-conductive state. 
The resistance 143 is connected across the 
conducors 132 and 144, Figures 3 and , and 
the adjustable slider 145 is in circuit with the 
plate of tube 146, said circuit also including the 
condenser 147 and the adjustable resistor 148. 
The adjustment of the resisor 148 contrcls the 
"on" rime period, generally referred te as the 
"weld" perlod. During conduction of tube 121 
current wll! fiow through resistance 143 and ac- 
cordingly condenser 147 is charged with the 
charging rte being controlled by adjustment of 
resister 148. As condenser 147 charges the volt- 
age across the saine increases exponentially, 
whereas, the voltage across resistor 148 decreases 
exIonentially. After a prdeermined charging 
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rime condenser 141 will discharge through tube 
146 since a puise from peaking transformer .I 50 
wfll rendér its control grid 151 positive. The 
numerals 12, 153 and 154 comprise control 
switches and it will be assumed for purposes of 
this description that the slider for each switch 
is located at position No. "'1/" which position 
renders the postheating elements of the contr01 
circuit inoperative. The slider for each switch 
iç may atso be located in a No. 2 position which 
renders the postheating elements of the control 
circuit operative. As a result a gradual and con- 
trolted decay oZ the welding current takes place 
as will be hereinafter described in detafl. For 
i5 position No. 1 the control circuit will produce a 
single welding impulse or a plurality of welding 
impulses, depending on the length of rime switch 
12 is held open, and it will of course be under- 
stood that switch 142 may be actuated manualty 
) or the switch may be included in an automatl¢ 
arrangement for prdetermining the weldilag 
puises detivered by the present system. For 
single welding puise itis only necessary fo mo- 
mentarily open switch ! 2 sînce a firlng of tube 
, ] will inltiate the welding operation and the 
saine will continue until the cycle has been com- 
pteted even though switch 142 may bave been 
previously closed. With the sliders of. switches 
152, 153 and 154 in No. 1 position tube 145 will 
0 discharge through windings 155 and 155 of trans- 
formers 151 and 158, respectively, havtng sec- 
ondary windings $4 and 151. The discharge of 
current through winding !55 of transformer.! 
is such as to deliver a negative puise to grid 12 
«.5 of tube 125 to thereby stop conduction through 
said tube and its associated circuit including the 
control tube 121 and diode 31. This accord- 
ingly terminates the "on" rime period. Refer- 
ring again to the puise through winding 155, it 
o will be understood that the sliders of switches 
159, 150, 10, 152 and 03 are all in position No. 1 
so that the secondary winding 154 is thus con- 
nected atone end through conductor 155 to the 
grid 125 and,at its opposite end through con- 
' ductor 100 to the cathode of said tube 125. 
The discharge of condenser II through tube 
146 and through winding 150 of transformer 
will energize its secondary winding 10 which 
]ocated in the reversing circuit shown in Figures 
-.') 3 nd 5 and which includes the gas filled, grid 
controtted thyratrons 165 and 110. It will be 
 seen that these tubes have electrical connection 
with conductors 80 and 81, which lead respective- 
IF to the grid points B and C so that the poten- 
: tial on said points B and C is controlled by the 
conductivity of tubes 158 and 110. The circuit 
arrangement for said tubes is such that only 0ne 
tube is conductive ata time and also said circuit 
urrangement effects an automatic switching from 
.'» one tube to the other te thereby change the Po- 
tentials on points B and C te render the groups 
of ignitrons contr011ed thereby alternately con- 
ductive so that the welding device produces a 
form of alternating current such as shown in 
'» Figure 9 without postheat and in Figure 11, with 
postheat. The structure of the-reversing circuit 
"«ill now be described. 
-A rower suply in the forrn of a transformer 
!7 ! bas suitably connected thereto the full wave 
7o rectif.vi tube 172 which supp!ies direct cur- 
rent, fo the respective termina]s of resistance 173 
constitut,_'nc a direct current source for energiz- 
ing tubes 16 and I]0. The positive terminal of 
resistance 173 is comected by conductor .174 fo 
75 restance 115 and 170, the oppoSite end Of said 
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resistances being eonnected respectively to the 
plates of tubes 158 and 17{}. Said opposite ends 
of the resistances are also connected to each 
other through condenser 177. The negàtive end 
of resistance 178 is joined by conducter 175 te 5 
secondary winding 157 of transformer 158. Con- 
ductors I${}, 181 and 182 connect with the grids 
of thetubes. 
The operation of the reversing or switching 
circuit above described can best be .understeod 
by assuming that tube 155 is conducting so that 
current flows from the positive end of resistor 
178 .through resistance 175 to tube 158. As 
result the condensers 177 are charged te the 
voltage across 175 with the negative terminal of 
Said condensers having connection with the' 
plate of tube 155. The pu]se of current supplied 
te secondary winding 157 by the discharge of 
tube 145 is such as to start conduction of tube 
17{}. When this takes place the positive ter- 20 
minal of condensers 177 is directly connected 
through tube 175 to the cathode of tube 155. 
This autematically steps conduction through 
tube 158 since its plate is negative, whereas its 
cathode is now positive. However, tube 175 con- 25 
tinues to conduct and the voltage developed 
across resistance 183 is such as to maintain tube 
158 in a nonconductive state until the next pu]se 
of buttent is delivered to secondary winding 157. 
The next puise produces the saine action with 30 
respect to tube 175, which is rendered nonconl 
ductive as 158 becomes cbnductive again. The 
switch from one tube to the other is therefore 
automatic, being effected by a current pu]se de- 
livere d fo winding I $7. 
The potential applied to conductor 81 and 
 thus to grid point C is obtained from the voltage 
between slider 125 and the positive end of tel 
sistance 119 plus the voltage from slider 
and the positive end of resistance 148, the sum 4o 
of these voltages alternating between plus 90 or 
minus 110, dependingon whether tube 127 is 
conducting or nonconducting. To the above po- 
tential must be added the voltage across re- 
sistance 175 and which alternates between zero 45 
and minus 480 or more, depending on whether 
tube 158 is hot conducting or is conducting. If 
said tube 158 is hot conducting the voltage on 
grid point C when the tube 127 rires, which inil 
tiates the welding period, will be plus 90. Ac- 5o 
cordigly, the thyratrons having connection with 
grid point C wfll tire and rentier ignitrons 
21 and 25 conductive fo effect a flow of current 
through the primary windings of the welding 
transformer. 55 
The potential on point B is the sure of the 
voltages across the positive end of resistance 
resiitance 43 and the voltage across resistance 
75. The p0tential on grid point B will be plus 
90 when tube 75 is hot conducting and when 6O 
control tube 27 is conducting. Accordingly, 
each rime tube 27 conducts for a welding period 
either grid point C and associated tl%vratrons 
and ignitrons, or grid point B and associated 
thyratrons and ignitrons, are rendered conduc- 
tire, depending on whether tube $8 or 75 il 
conducting. 
In the welding of aluminum alloys a postheat- 
ing current is employed following the welding 
pu]se fo slow clown the rate of cooling of the 70 
weld metal in ortier to avoid cracking and ris- 
sures due to too rapid cooling. Slow decay 
effected by a current decay control including the 
postheating phase shift circuit which is marie 
operative af the proper rime when the various 75 
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switches shown in Figure 3 are located in post- 
heat position, that is, No. 2 positiïn. The cir- 
cuit e!ements function as follows for postheat- 
ing. - 
After tube 127 rires for a weld period the weld- 
ing rime is governed by the charging of capacitor 
147 through the adjustable resistor 14. Even- 
tually tube I will discharge capaciter 17 ata 
positive pu]se from peaking transformer 151}, said 
tube |45 discharging capacitor 14 only through 
winding |55 of transformer 15 since winding 
is hot now in circuit therewith by reason of the 
No. 2 position of switch |55. As a result of the 
No. 2 position of switches I| and 12 the sec- 
ondary winding |54 of said transformer |57 is 
now located in the grid-cathode circuit of the 
gas filled, grid controlled tube 184 having a con- 
trol grid |15 which is electrically connectel to 
a peaking transformer | through the rectify- 
ing circuit |57. The plate of sald tbe 14 is 
connected to conductor |44 and its cathode bas 
connection through resistor I with conductor 
|82. The circuit including the condenser 
and the adjustable resistor 191 is in iarallel with 
resiætor |5$, and it will be understood that the 
adjustable resistor I S| controls the postheating 
period by controlling the charging rate of con- 
denser |9{L The pulse delivered to winding 
when tube |45 discharges is sufficient te drive the 
grid |$5 positive and tube |54 is thus rendered 
conductive fo cause-outrent fo fiow through 
sistance. |8 since these elements are in parallel 
with resistance |43. A conductor |92 connects 
the Pesitiveend of resistance |55 with the grid 
controlled vacuum tube |98 shown in Figure 4 
and the action of outrent flow through resistance 
|$ is such asto change the grid bias on tube 
193 from negative fo positive so that tube |98 is 
rendered conductive. 
Tube 193 has its independent power supply 
consisting of transformer 194, the full wave recti- 
fier '1 5, and iïlter circuit consisting of capacitors, 
reactor and bleeder resistor I. The negative 
end of the power supply is joined through con- 
ductor 197 to slider 125. Tube I$ is in serie 
with the relay windings 2f} and {}1 and said 
windings together with tube I S3 constitute 
parallel connection across resistance I. When 
tube 195 is conducting said relays are energized 
and the contactors in the phase shift circuits are 
actuated. The normally closed contactors I 
are caused to open and the normally open con- 
tactors I1 are caused to close. Whatever may 
be the setting for the welding phase shift circuit 
it will be understood that the postheating phase 
shift circuit bas a setting so as to materially delay 
the firing of the thyratrons and as a resu]t the 
welding current is considerably reduced to re- 
duce the heating effect accordingly. Therefore, 
this controlled decay of the welding current is 
such as to properly anneal the weld moral to 
produce a urdformly solid and efficient weld. 
The timing for the postheating period is 
effected by means of the condenser 15 and the 
gas iïlled, grid controlled tube 2}2 having a grid 
2{}3. The plate of said tube bas connection with 
said condenser, whereas the cathode of said tube 
bas connection through conductors 24 and 
with winding 155 of transformer 158, it bein 
understood that switehes 153 and 15 are stfll 
in No. 2 position. Ai condenser IS5 charges the 
potential across its plates increases exponential- 
ly whereas the voltage across the adjustable re- 
sistor I I decreases exponentially. Eventually a 
positive pu]se from the peaking transformer 



vi!l.,edrrid.2Q$ ps_ie, !ïring 
. .d!scl,rgig.condenser 80 through .si_d tube. A 
,pulse. 0f..crrent .according!y -flows through vind- 
ing : o enerize its secondary winding  in 
the,reversng control panel. This Puise will shift 5 
thç coductivity oï tubes 65 and .8. Simul- 
taneously theewith a current..pulse is caused 
flow through winding 2ill of transformer 208 
hvinga secondarywinding SS. Said secondary 
.winding by reason of t ho N.o. 2 position of ]0 
svtches [S9 .and 6 is located in the grid,cath- 
ode_circuit oï .tube 2S and the current pulse is 
such Ç .to tender 2 nonconductive. This ac- 
tiQn .stops .flow of current through the control 
tube .2 and associated elements and thns ter- 15 
miDates a elding operation which bas nc!uded 
a-weldng period plus a postheating period for the 
pUrp.oses explained. 
With the switch 2 in open position and con- 
tol .tube 2 .nonconducting, it wi.ll be seen that zo 
condenser , which bas been charged .during 
the weld period, will now start fo discharge 
thr.ough resistor  which accordingly conrols 
the cool rime. As condenser  discharges a 
.point is reached .when the .grid bias on grid .28 25 
of .tube ] .will bave been rendered sufliciently 
posit£ve for a pulse from peaking transformer   ! 
fo again xe the control tube 2. When-tube 
2 -is rendered conductive-current flow takes 
place through its associated circuit and .another 0 
weld period is initiated with postheating taking 
place.as long as the various switches are located 
in .theAr No. 2 position, Figures 10 and 11 illus- 
trating single and multiple welding operations 
respectively v¢ith .controlled decay of the velding 5 
curent for posheati_ng the -weld metal as herein 
descrbed. 
What is claimed is: 
1. In a welding system, a welding transformer, 
an alterna.ting current supply source electrically 4O 
connected to the input of said transfomer, a " 
welding load circuit electrically connected fo the 
output of said transformer, moins for producing 
in the load circuit an im.p]se of welding cur- 
font, said current being cha:acterized as of 45 
mdulaed shape consisting of a pulse of welding 
current fo]lowed by a controlled decay of said 
current for postheating, said means including 
phase shift circuits for espectively controlling 
the magnitude of the welding current and the 5o 
magnitude oï the postheating current, and means 
automaticaïly operative at a predetermined point 
in the weldi operation ïor rendering one of 
said phase shift circuits operative and the other 
inoperative. 55 
2. In a welding system, a welding transformer, 
an alternating current supp]y source electrically 
connected to the input of said transformer, a 
welding load circuit electrical]y connected to the 
output of said transformer, means for produc- 6O 
ing in the load circuit an impulse of welding cur- 
font, said current being characterized as of 
moduiated shape consisting of a puise of welding 
current followed by a controlled decay oî the cur- 
rent or postheating, said means including a 65 
normally operative phase shift circuit for con- 
trolling the maguitude of the welding current 
and a normally inoperative phase, shfft circuit 
for contr011ing the magnitude of the postheating 
current, and means automatically operative ai ;0 
a predetermined point in the welding operation 
or rendering the first mentioned phase shift cir- 
cuit inoperative and the second mentioned phase 
shift circuit operative. 
3. In. a welding system, a welding transformer, 75 

an alena.tlng :curert.upp!y. suce -.elctJ,call 
conecd to :the. :i!p.u .of id tranafor, mel,  
weldng ;loa,d cr.cuit.electriçally connec£ed to:he 
outpu.t -of. said .transformer, .means -for .poduc» 
ing .in the load ch'cuit:an impulse of welding cur- 
font, said-curent being-characterized as of mod- 
ulated.shap consisting of -a pulse of:elding cur- 
rent follewed by a controlled .decay of he »cur- 
ren for .'postheating, said m.ens including a 
nrmal!y op¢rative phase shift circuit :for-con- 
trolling-the magnitude of the welding curent 
and a normally inoperative .phase -hift ,circuit 
for 'controlling ,the-magnitude of the pestheat- 
ing current, :moins for timing the duration .of 
the welding )peiod, other means for iming the 
duration of-the.postheating period and:electonic 
circuit means c_onnecting the :timing-moins vith 
the othe_r timing means and r=mdered effective 
by said .iming means at the end .of the welding 
perio_d for rendering .the oher timing :means o.p- 
erative /for timing the postheating .period and 
for also simultaneously effecting a .switch in-the 
phase shift circuits, «vhereby the aormally,olr- 
ative phase shift circuit s rendered inoperative 
and the normally ineperative phase shift circuit 
is rendered opetive. 
4. In a welding-sYstem, .a welding tansfovmer, 
an alternating current supply source electricll, 
connected to the inpu of said transformer, a 
welding load circuit electrically connected fo the 
output of said trsnsformer, means for producing 
in the load circuit an mpulse er weling cur- 
rent, said curent being characterized as of mod- 
ulated shape consising of a pulse of ,welding 
current followed by a ontrolled decay, of he 
current, fro" postheating, said means including :a 
normally operative .phase shift circuit foE con- 
trolling the magniude of the velding curren 
and a normally inoperative phase _iït cimui.t 
fer controlling the magnitude of the pos.th.ating 
current,.adjustable means including electmnic" 
circui elements for timing the duration of the 
welding period, other austabte means chlding 
other electronic circui elements for ¢iming the 
duration of the postheatig period, and elec- 
tronic circuit means rendered effective by said 
flrst mentioned timing means by ifs îction in 
terminating the welding period for starting .oper- 
arien of the other timing means for timing the 
postheating period and for effecting a switch in 
the ,phase shift circuits, whereby the normatly 
operative phase shift circuit is rendered inoler- 
ative and the normalty inoperative phase shift 
circuit is rendered operative. 
5.. In a welding system of the three phase- 
three winding type wher.ein three windings .are 
connected in delta relation te a three phase sup- 
ply and whercin a lead circuit is inductively as- 
sociated with said windings, of a phase shift cir- 
cuit including adjustable means for selecting a 
particular value of current for the load circtit 
and thus a particular welding boat, timing means 
for timing ,the welding period, a second phase 
shif$ circuit also including adjustable means for 
selecting a lower value of current for the load 
circuit for postheting the weld moral, means 
for timing the postheating period, and electronic 
circuit means rendered effective .by the timing 
means for timing the welding period for render- 
ing the first mentioned phase shift circuit inop- 
erative and the second mentioned phase shift cir- 
cuit operative and for simultaneous!y starting 
operation of the timing means for timing the 
postheating period. 
6. In a welding system, in oembillation, a 
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source of polyphase alternating current, an in- 
ductive device having primary windings corre- 
sponding in number fo the phases of the alternat- 
ing current source, circuit means connecting each 
winding fo ifs respective phase of said source, at 
]cast one electric discharge valve for each wind- 
ing for controlling flow of unidirectional cur- 
rents through the winding, means controlling the 
firing of the electric discharge valves including a 
normally operative phase shift circuit and a nor- lo 
mally inoperative phase shift circuit, whereby the 
value of the welding current is determined by 
the setting of that phase shift circuit which is 
operative at the rime, and means adapted fo 
operate ata predetermined point in the weld- 15 
ing operation for rendering the normally opera- 
tire phase shift circuit inoperative and the nor- 
mally inoperative phase shift circuit operative. 
7. In a welding system, in combination, a 
source of polyphase alternating current, an in- 20 
ductive device having primary windingscor- 
responding in number to the phases of the al- 
ternating current source, circuit means connect- 
ing each winding fo its respective phase of said 
source, at least one electric discharge valve for 25 
each winding for controlling flow of unidirec- 
tional currents through the winding, means con- 
trolling the flring of the electric discharge valves 
for producing a welding current including an 
adjustable phase shift circuit that is normally 3o 
operative, timing means for timing he dura- 
tion of the welding carrent, other means con- 
troI]ing the flring of the electric discharge valves 
for effecting a decay in the welding current in 
a controlled manner for postheating purposes in- 
cluding an adjustable phase shift circuit and 
which is normally inoperative, second tirning 
means for controlling the duration of the post- 
heating period, and means rendered operative 
by the action of the timing means in timing the 40 
duration of the welding current for effecting a 
switch in the phase shift circuits, whereby the 
flrst mentioned phase shift circuit is rendered 
inoperative and the second mentioned phase shift 
circuit is rendered operative, said means also 45 
simultaneously starting operation of the second 
timing means for timing the duration of the post- 
heating current. 
8. In a welding system of the three phase-three 
winding type wherein three windings are con- 
nected in delta re!ation fo a three phase supply, 50 
and wherein a load ch'cuit is inductively asso- 
ciated with said windings, a pair of inversely con- 
nected discharge va]ves for each winding in se- 
ries with their winding, a flring valve for each 55 
discharge valve for rendering the discharge valve 
conductive when the flring valve is conductive, 
said discharge valves comprising two groups with 
each group having one valve in each winding so 
that when one group is conductive current will 60 
fiow in one direction through the windings and in 
an opposite direction when the other group is 
conductive, means for producing in the load cir- 
cuit an impuise of welding current of modulated 
shape consisting of a puise of welding current fol- 65 
Iowed by a controlled decay of the current for 
postheating, said means including a normally op- 
erative phase shift circuit for controlling the mag- 
nitude of the welding current and a normally 
operative phase shift circuit for controlling the 
magnitude of the postheating current, said phase 
shift circuits controlling the welding and post- 
heating currents by phase shifting the voltage 
applied to the grids of the flring valves with re- 
spect to the line voltage of their respective phase, 

means adapted fo operate ata predetermined 
point in the welding operation for rendering the 
flrst mentioned phase shift circuit inoperative 
and the second mentioned phase shift circuit op- 
erative, and other means including a reversing 
circuit adapted fo be energized at the end of the 
welding operation for alternating the conductivit3, 
of the two grouPs of discharge valves. 
9. In a welding system of the t.hree-phase 
winding type wherein thrce windings are con- 
nected in delta relation fo a three phase supply, 
a pair of inversely cormected discharge valves for 
each winding in series with their winding, a flring 
valve for each discharge valve fclr rendering the 
discharge valve conductive when the flring valve 
is conductive, said discharge valves comprising 
two groups with each group having one valve in 
each winding so that when one group is conduc- 
tire current wfll flow in one direction through 
the windings and in an opposite direction when 
the other group is conductive, means controlling 
the conductivity of the flring valves including a 
normally operative phase shift circuit and a nor- 
mally inoperative phase shift circuit, whe:eby the 
value of the welding current is determined by the 
setting of that phase shift circuit which is op- 
erative at the rime, said phase shift circuits con- 
trolling the value of the welding cm'rent by phase 
shifting the voltage applied to the grids of the 
flring valves with respect to the line voltage of 
their respective phase, means adapted to operate 
ai a predetermined point in the welding operation 
for rendering the flrst mentioned phase shift cir- 
cuit inoperative and the second mentioned phase 
shift circuit operative, and other means including 
a reversing circuit adapted tobe energized at 
the end of the welding operation for alternating 
the conductivity of the two groups of discharge 
valves. 
10. In a welding system, a source of polyphase TM 
alternating current, a welding transformer hav- 
ing primary windings each having asymmetrically 
conductive electric discharge valves in circuit for 
controlling flow of unidirectional current 
pu]ses through the windings, a phase shift circuit 
for selecting the value of the current caused to 
flow through the primary windings to thereby 
produce a welding current of selected magnitude 
and thus a particular welding heat, a secoud 
phase shift circuit for selecting a current of lower 
value for flow through the primary windings to 
produce a postheating current, switch structuro 
having two positions of adjustment, said switch 
structure determining the character of the weld- 
ing operation according fo the setting of thc 
switch structure, said switch structure in one r,o- 
sition rendering the flrst mentioned phase shift 
circuit effective for producing welding operations 
each consisting of a pu]se of welding curren., 
on]y, and said switch structure in another posi- 
tion rendering both phase shift circuits effective 
in sequence for producing welding operations each 
consisting of a puise of welding current followed 
by a postheating current. 
11. A welding system as deflned by claire 10, 
additionally including timing means for timing 
the duration of the puise of welding current, other 
timing means for timing the duration of the post- 
heating period, said switch structure in said oe 
70 -position rendering only the flrst mentioned tim- 
ing means effective and said switch structure in 
its other position rendering both timing means 
effective in sequence. 
12. In a welding system, a source of polyphase 
75 alternating current, a welding transformer hav- 
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17 
ing primary windings each having asymmetrically 
conducting electric discharge valves in circuit for 
controlling flow of unidirectional cun'ent impulses 
through the windings, a welding phase shift cir- 
cuit for controlling the value of current caused to 
flow through the primary windings to thereby 
produce a welding current of predeermined mag- 
nitude, a postheating phase shift circuit for con- 
trolling the value of the current caused to flow 
throuh the primary windings fo thereby produce 
a postheating current of lower value than the 
welding current, normally closed contactors for 
the welding phase shift circuit rendering the 
saine normally operative, normally open con- 
tcors for the postheating phase shift circuit 
normally rendering the saine inoperative, relay 
means for actuating the contactors when ener- 
gized o cause the normally closei contacors fo 
open and the normally open contacors fo close 
whereby the welding phase shiït circuit is ren- 
dered inoperative and the postheating phase shift 
circuit is rendered operative, and means adapted 
to operate at a.predetermined point in the weld- 
ing operation for energizing said relay means. 
13. A welding system as deflned by claire 12 
additionally including timing means for timing 
the durakion of the welding current, other tim- 
ing means for timing the duration of the post- 
heating current, and electronic circuit means 
rendered effective by said flrst mentioned tim- 
ing means ai the end of the welding current 
period for energizing the relay means fo effect 
a swith in the phase shift circuits and for 
simultaneously strting operation of said other 
timing means for timing the postheating period. 
14. In a welding system, a source of polyphase 
alternating current, a welding transformer hav- 
ing primary windings, two groups of asymmet- 
ïically conductive electric discharge valves in 
circuit with said windings and adapted fo be 
alternately conductive for controlling fiow of 
unidirectional current impulses through the 
windings, first in one direction and then in the 
opposite direction, a welding phase shift circuit 
for controlling the firing of the discharge valves 
to produce a welding current of predetermined 
magnitude, a postheating phase shift circuit for 
also controlling the firing of the discharge valves 
fo produce a postheating current of lower value 
than the welding current, timing means for tim- 
ing the duration of the welding current, timing 
means for timing the duration of the postheating 
current, switch structure for determining the 
character of the welding operation according fo 
the setting of the switch structure, said switch 
structure in one position rendering only the 
welding phase shift circuit and said flrst men- 
tioned timing means effective fo thereby pro- 
duce welding oPerations each consisting of a 
welding current only, said switch structure in 
another position rendering both phase shift cir- 
cuits effective in sequence and both timing means 
also effective in sequence for producing welding 
operations each consisting of a welding current 
followed by a postheating current, and a re- 
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18 
versing circuit adapted to be energized af the 
end of each welding operation for alternating the 
conductivity of the two groups of discharge 
valves. 
5 15. In a welding system, a source of polyphase 
current, a welding transformer having primary 
windings corresponding in number fo the phases 
of said source and having a load circuit induc- 
tively associated with the primary windings, 
0 circuit means electrically connecting each pri- 
mary w,.'nding to its respective phase of said 
source, a pair of inversely connected discharge 
valves for each winding in series with their 
winding, a flring valve for each discharge valve 
15 for rendering the discharge valve conductive 
when the flring valve is conductive, circuit means 
for contro!ling the conductivity of said firtng 
valves and thus the discharge valves in a manner 
to produce a welding current of predetermined 
20 magnitude with controlled decay of the current 
for postheating, said circuit means including a 
normally operative phase shift circuit for con- 
trolling the magnitude of the welding current, 
and a normally inoperative phase shift circuit 
25 for controlling the magnitude of the postheating 
current, welding current timing means for tim- 
.ng the duration of the welding current, post- 
heating current timing means for timing the 
duration of the postheating current, circuit 
30 means electrically connecting the welding cur- 
rent timing means with the postheating current 
timing means, and electronic means in the circuit 
means rendered operative by the action of the 
welding current timing means in timing the weld- 
35 ing current for initiating operation of the post- 
heating current timing means and for simulta- 
neously effecting a shift in the phase shift cir- 
cuits, whereby the welding current phase shift 
circuit becomes inoperative and the postheatir.g 
40 current phase shift circuit becomes operative.. 
16. A welding system as defined by claire 15, 
wherein certain discharge valves comprise one 
group for passing current through the windings 
in one direction when conductive and the remaln- 
45 ing discharge valves comprise a second group 
for passing current through the windings in an 
opposite direction when conductive, and addi- 
tionally including a reversing circuit adapted to 
be energized by the action of the postheating 
5o current timing means in terminating a welding 
operation for alternating the conductivity of the 
two groups of discharge valves. 
JULIUS L. SOLOMON. 
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